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A-4 Project Organization 

 

The following describes the Project Organization for the collection and processing of samples 

collected under the EPA Southeast New England Program (SNEP) for Coastal Watershed 

Restoration.  

 

*Organization chart is only for that portion of the project involved in the collection and processing of chemical/biological analytes. 

Samples to meet all regulatory requirements will be collected by staff of the Department of 

Health and Environment that will be trained by the staff below.  A training log will be 

maintained to ensure that all collectors have been adequately trained in the collection and 

transport of samples and the use of the field instruments for the collection of data for pH, 

dissolved oxygen and temperature. 

Only three primary staff are involved: 

Massachusetts Alternative Septic System Test Center Director 

George Heufelder, Barnstable County Department of Health and Environment 
Superior Courthouse, Route 6A, Barnstable, MA 02630 

Phone 508-375-6616; Facsimile 508-362-2603 

 

1. Overall project oversight and planning. 

2. Supervision of the sample collectors. 

3. Financial planning and grant administration 

4. Monitoring and operations QA/QC review 

5. Data synthesis and report writing. 
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Public Health Sanitarian – Environmental Specialist 

Brian Baumgaertel, Barnstable County Department of Health and Environment  

Superior Courthouse, Route 6A, Barnstable, MA 02630 

Phone 508-375-6888; Facsimile 508-362-2603 

1. Collection of samples and training of collectors 

2. Supervision of sample collectors 

3. Data management 

4. Data synthesis and report writing 

Barnstable County Laboratory Manager 

Gongmin Lei, Laboratory Director, Barnstable County Department of Health and the 
Environment, Superior Courthouse, Route 6A, Barnstable, MA; Phone 508-375-6606 

 

1. QA manager for the Barnstable County Laboratory 

2. Oversees all operations of the laboratory 

3. Reviews data from Barnstable County Laboratory and all subcontracted laboratories; 

4. Coordinates all inquiries regarding data and the resolution of potential data problems 

by communication with other laboratory directors. 
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A-5 Problem Background and Problem Definition 

The coastal areas of Southeast New England contain many embayments impacted by nitrogen 

that originates from onsite septic systems. In many areas, onsite septic systems will remain the 

dominant mode of wastewater disposal and treatment into the foreseeable future. While advanced 

treatment onsite septic systems provide a viable option to address the nutrient issue, their cost 

and complexity prevent their wholesale use in many instances. The project endeavors to 

demonstrate the potential for the reduction of nitrogen inputs from residential wastewater by 

employing a relatively passive non-proprietary modification of soil treatment area (STA), 

alternately known as leachfields or soil absorption systems.  
 

A-6 Project Description 

 
The Project involves the sampling of twelve onsite septic systems to be located based on 
homeowner preference and suitability of the site as determined by the George Loomis 
(University of Rhode Island), George Heufelder and the design engineer to determine the 
efficacy of these technologies for reducing nitrogen inputs from wastewater. The typical septic 
system is comprised of a septic tank followed by a STA that is either in sand meeting a certain 
specification or native soil.  The modified STA studied herein is comprised of an 18” layer of a 
sand/sawdust situated directly beneath a layer of 18” of sand that complies with the fill 
requirements of 310 CMR 15.255(3)1. The efficacy of these systems will be assessed by 
comparing monthly samples of influent and effluent over two years and further comparing the 
performance with standard system STA. 

 

Monitoring parameters 

 

Monitoring parameters (Table 1) will be determined by the requirements of Massachusetts DEP 

testing protocols. Units undergoing testing or sampling will receive field measurements of 

temperature, pH, and dissolved oxygen in the effluent on the day of sample collection. All 

methodology for analyses is presented in Appendices A – F.

                                                           
1 310 CMR 15.000: THE STATE ENVIRONMENTAL CODE, TITLE 5: STANDARD REQUIREMENTS FOR THE SITING, 
CONSTRUCTION, INSPECTION, UPGRADE AND EXPANSION OF ON-SITE SEWAGE TREATMENT AND DISPOSAL 
SYSTEMS AND FOR THE TRANSPORT AND DISPOSAL OF SEPTAGE 
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Table 1:  Monitoring Parameters for the EPA Southeast New England Program (SNEP) for Coastal Watershed Restoration 

 

 

 

** LFB = Laboratory Fortified Blank; LFM = Laboratory Fortified Matrix; RPD = Relative Percent Difference. 

 

Variable 
 

Matrix 
 

Units 
Measurement 

Performance Criteria 

Accuracy 

LFB (%)** 

Accuracy 

LFM (%)** 

Precision 

RPD (%)** 
 

Alkalinity 
 

Wastewater 
mg/L as 
CaCO3 

See Appendix F:  
 

 

94.8–104.1 
 

N/A 
 

≤ 12.6 

 

Ammonium 
 

Wastewater 
 

mg/L 
See Appendix B: 

 

 

96–108 
 

91–103 
 

≤ 2.1 

 

BOD or CBOD 
 

Wastewater 
 

mg/L 
See Appendix E:  

 
See 

Appendix E 
See 

Appendix E 
See 

Appendix E 
 

Nitrate 
 

Wastewater 
 

mg/L 
See Appendix A:  

 

 

91–106 
 

88–104 
 

≤ 7.13 

 

Nitrite 
 

Wastewater 
 

mg/L 
See Appendix A:  

 

 

95–106 
 

83–108 
 

≤ 3.40 

 

Total Kjeldahl Nitrogen 
 

Wastewater 
 

mg/L 
See Appendix C: 

 

97–103 
 

94–101 
 

≤ 4.0 

 

Total Suspended Solids 
 

Water/Solids 
 

mg/L 
See Appendix D: 

 

N/A 
 

N/A 
 

≤ 13.6 
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A-7 Quality Objectives and Criteria for Measurement Data 

 
The objective of the project is to compare the contaminant removal performance of a cellulose 

amended soil treatment unit (STA) with that of a standard unamended STA. Generally, 

performance of alternative septic systems is expressed as percent removal of a selected 

contaminant over a period of time. The actual performance of the system is gauged by the 

percent contaminant removal calculated by the following formula: 

 
% Contaminant Removal = (1 – Effluent Concentration/Influent Concentration) X 100 

 

In addition to reduction percentages, comparisons will be made between the amended and 

unamended STA using standard statistical tests depending on the distribution of the data and the 

adherence to the requirements of the test itself. 

Precision  

Precision is the degree of agreement among repeated measurements of the same characteristic, 

or parameter, and gives information about the consistency of methods. In context of this project, 

precision of measurements is a prime objective.  It will be evaluated by comparison with 

laboratory precision objectives referenced in Table 1. Laboratory methods for measurement of 

precision are included in respective Standard Operating Procedures. 

 

Data Representativeness  

Data Representativeness is the extent to which measurements represent the true environmental 

condition. It is the degree to which data from the project accurately represent a technology 

being tested. Representativeness of samples is ensured by adherence to standard field sampling, 

measurement and laboratory protocols. The design of the sampling scheme and number of 

samples for this project provide representativeness of the performance of the technology being 

monitored. Representativeness of the data will be determined during data assessment and data 

interpretation phase. 

 

Data Comparability  

Data comparability is the degree to which data can be compared directly to similar studies. 

Comparability is ensured by using standardized sampling protocols and the same or comparable 

analytical methods and reporting with comparable sensitivity. Protocols used in this project are 

like those used in many other pilot projects and approval procedures for alternative septic 

system treatment performance. 

Data Completeness 

Data completeness is the comparison between the amounts of usable data collected versus the 

amount of data called for in the sampling plan. Completeness is the percentage of valid results 

obtained compared to the total number of samples taken for a parameter. The goal of this 

project is to meet or exceed 90% usable data.  
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A-8 Special Training/Certification 

 
The Barnstable County Laboratory is certified by the Commonwealth of Massachusetts 

Department of Environmental Protection (Mass DEP) for analytes listed in Table 

1. The Project Manager has a Massachusetts Wastewater Operator’s License of Grade 4. All 

technical assistants will be required to complete the employee training checklist under direct 

supervision of the Project Manager (see Appendix G). 

 
For each task relating to the collection and processing of sampling and the collection and 

recording of field (in situ) data, trainees will accompany the trainer personnel during a normal 

task-run. The trainer personnel will then observe the trainee during independent completion of a 

normal task-run to verify that all tasks have been performed correctly. The trainer personnel 

will then sign the training checklist record to verify that the trained personnel can perform the 

task correctly. Quarterly field audits will be conducted to verify proper taking and handling of 

samples as well as use of field instruments. All training records and audits will be maintained 

and included in appendices of the final report. 
 

A-9 Documentation and Records 

 
Data reports will be created at quarterly intervals with combined analytical results and 

operation and maintenance information. Analytical results will be in tabular format and will 

include data from field measurements and laboratory results. The Project Manager will receive 

the data from BCDHE laboratory QC data, and will compile the data reports. Laboratory turn- 

around-time is generally three weeks. 

 
Observations of technology characteristics such as odor, noise, discharges and leaks, pauses in 

operation, equipment failure and any other observations which can be made by the facility 

operator will be logged in an operation and maintenance logbook. An operation and 

maintenance report will list these occurrences in tabular format. There is no prescribed standard 

for any of the technology characteristics listed above. 

 
Quarterly data reports will be circulated to project principal investigators, QA officers and 

appropriate EPA personnel as listed in the distribution list (A-2) prior to release. A final 

report will be issued with evaluation of system performance for the non-proprietary 

technology within eight months of the end of the testing period. 

 
Data will be retained by BCDHE for a period of 10 years. 

Group B: Measurements and Data Acquisition 

B-1 Sampling Process Design 
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Sample Sites and Site Selection 

The project involves the installation of twelve septic systems at residences in the study area.  

These sites will be chosen based on two broad criteria; usage (seasonal or year-round) and soil 

type (outwash or moraine). All test sites will be located at residences where the water use can be 

documented.  Other selection criteria include: distance to limiting conditions such as 

groundwater or impervious soils, distance from water resources, available space on the property 

to site a fully-sized system, results of a soil evaluation in accordance with Commonwealth of 

Massachusetts Regulations, willingness of the board of health to allow the piloting of the 

technology within their jurisdiction, willingness of the homeowner to allow frequent visits and 

monitoring and other minor criteria. Once a site is chosen and the soil treatment area (STA), 

alternately known as the soil absorption system or leachfield, is installed, four pan lysimeters 

will be installed to facilitate sampling as described below. 

Sampling from the influent wastewater and the lysimeters described below is considered a 

composite representative sample. 

Sample number and frequency 

A minimum of three monthly samples will be taken at each site.  One of these samples will be 

taken at the influent pump chamber (that is receiving septic tank effluent prior to its discharge to 

the soil treatment area or STA (alternately known as the leachfield or soil absorption system). 

The two additional samples will be taken from the following locations: one will be composited 

from two pan lysimeters collecting from the “treatment” STA (the one containing a cellulose-

amended layer), and the other will be composited from two lysimeters placed in the “control” or 

unamended STA.  These samples should allow an adequate comparison and evaluation of the 

effects of amendment. 

Construction and sampling locations 

One of two placement scenarios will be constructed at each site.  

In the first scenario, a STA in compliance with the sizing requirements of 310 CMR 15.242 will 

be placed and enabled to receive septic tank effluent via a low pressure dosed pipe network.  In 

addition, a STA sized for 50% of the design flow and having a layer of cellulose-amended 

material will be installed in various orientations beside the full-sized STA having no such 

amendment (Figure A). 

During the piloting period, 50% of the design flow will be directed to the ½ of the STA designed 

in accordance with 310 CMR 15.000 (the control) and 50% of the design flow will be directed to 

the cellulose-amended STA (treatment).  The placement and description of the pan lysimeters is 

described below. 
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In the second scenario, a STA in compliance with the sizing requirements of 310 CMR 15.242 

will be constructed such that 50% of the system has a nominal spacing of the areal area of five 

feet from the other half.  An amended cellulose layer will be placed beneath ½ of the STA and 

will constitute the “treatment” and the portion of the STA with sand meeting the fill 

requirements of 310 CMR 15.255(3) (Figure B). 
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Four pan lysimeters will be placed at each site. These lysimeters will be placed, two in each of 

the control section of the soil treatment units (STA) and the amended section of the STA. The 

pan lysimeter detail is provided in Figure C. The placement of the lysimeters along the STA is 

illustrated in Figure D. 
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Sample withdrawal procedure 

Pan lysimeters will be sampled by means of a peristaltic pump.  Initially all liquid in the sample sump 

will be withdrawn and voided.  Following this a vacuum will be placed on the lysimeter for 60 seconds. 

Following another 60 seconds, a peristaltic pump is used to withdraw a sample. The Process is illustrated 

in Figure E. 

 

Following sample withdrawal, both lysimeter samples will be combined to a single volume prior to 

pouring aliquots into appropriate containers.  Samples will be preserved in appropriate containers and 

preserved and transported (See Table 2). 
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Influent Wastewater Sampling 

Influent wastewater samples will be withdrawn from the facility pump chamber which follows the septic 

tank.  A four-inch bailer will be used to fill sample containers. Sampling from this element of the septic 

system is considered as a composite sample of the prior 24 hours. 

Sampling Parameters 

The range of testing parameters is provided in Table 1. 

 

Data analysis 

The study described herein has a number of data objectives. One objective of this study is to 
evaluate the performance of the layered STA compared with other advanced onsite treatment 
technologies and strategies that have been installed in our geographical area for the removal of 
nitrogen.  For this purpose, mean and median Total Nitrogen (TN = nitrate-nitrite + Total 
Kjeldahl Nitrogen) at the point of release to the environment (beneath the sand/sawdust mix 
layer) of the systems studies herein will be compared with point-of-discharge values obtained 
from a large database maintained by Barnstable County Department of Health and Environment. 
These comparisons will allow only for a coarse comparative evaluation of the layered STA. 

 

The primary data objective will be the comparison of a standard STA installed in fill with the 
layered STA.  Paired observations will be compared using appropriate statistical methodology. 
Analyte concentrations in percolate from beneath the sand/sawdust mix layer will be compared 
with percolate from a comparable elevation in the standard sand fill.  With similar septic tank 
influent to both the treatment and standard STA, this will allow for a paired comparison of 
outcomes. While we cannot predict the characteristics of the data, a paired parametric test 
(Analysis of Variance) is the likely tool for this purpose. If the underlying assumptions of this 
statistical test are not met (i.e. similar variances in both the treatment and non-treatment units), 
we will employ non-parametric tests.  Choice of statistical test will be guided by the EPA 
Document Data Quality Assessment: Statistical Methods for Practitioners EPA QA/G-9S. 

 

In addition to the comparison of TN levels, regulatory officials will also likely with to know the 
comparison levels of Total Suspended Solids, Biochemical Oxygen Demand, ammonia and fecal 
coliform. With the exception of fecal coliform levels, we again predict that a comparison using 
parametric statistics will likely be indicated, while the fecal coliform data typically do not exhibit 
a normal distribution without a data transformation. Again, the above referenced EPA guidance 
will be used to determine the appropriate test for comparison. 

 

 

B-2 Sampling Storage and Transport 
 

Influent and percolate samples will be collected and stored in containers listed in Table 3. This table 

also lists holding times.  

 
Measurement of temperature, dissolved oxygen and pH will be made from a one-liter aliquot 

of influent and percolate using the YSI 556 MPS (see Table 3 &4 and Appendix G for further 

specifications and calibration procedures/requirements). 
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Table 2.  Containers used for analytes tested in the West Falmouth Harbor Project 
 

 
 

Parameter 

 

 

Container 

Volume 

 
 

Container 

 
 

Processing/Storage 

 

 

Holding 

Time 

Alkalinity 60-125 ml Polyethylene Stored on ice (dark) 14 Days 

Ammonium 60-125 ml Polyethylene 

(H2S04 Preserved) 

Stored on ice (dark) 28 Days 

BOD or 

CBOD* 

500 ml  

Nalgene 
Stored on ice (dark) 48 Hours 

Nitrate + Nitrite 60-125 ml Polyethylene Stored on ice (dark) 48 Hours 

Fecal coliform 100 ml Plastic Stored on ice (dark) 12 Hours 

Total Kjeldahl 

Nitrogen 

60-125 ml Polyethylene 

(H2S04 Preserved) 

Stored on ice (dark) 28 Days 

Total Suspended 

Solids 

1000 ml  
Polyethylene 

Stored on Ice (dark) 7 Days 

 

* It is required by NSF protocols that influent samples be tested for BOD and effluent samples be tested for CBOD. 
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Table 2 lists the frequency of measurement for each parameter in the two main classes of residences 

(seasonal and year-round). 

Table 2. Frequency of testing various analytes. 

 

  

 

 

Year Round Homes 

influent

Year Round Homes 

Percolate beneath 

treatment

Year Round Homes 

Percolate beneath 

control

Total Suspended Solids 1 1

Nitrite as Nitrogen 1 1 1

Ammonia as Nitrogen 1 1

Nitrate as Nitrogen 1 1 1

TKN 1 1 1

Alkalinity 1 1

Fecal Coliform (optional) 1 1 1

BOD, Carbonaceous 1 1

Number of Samples per event 8 8 4

Number of Homes 6 6 6

Number of Events 24 24 24

Seasonal Homes 

influent

Seasonal Homes 

Percolate beneath 

treatment

Seasonal Homes 

Percolate beneath 

control

Total Suspended Solids 1 1

Nitrite as Nitrogen 1 1 1

Ammonia as Nitrogen 1 1

Nitrate as Nitrogen 1 1 1

TKN 1 1 1

Alkalinity 1 1

Fecal Coliform (optional) 1 1 1

BOD, Carbonaceous 1 1

Number of Samples per event 8 8 4

Number of Homes 6 6 6

Number of Events 8 8 8
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Table 3. Field measurements of wastewater 

 
 

Parameter 
 

Matrix 
 

Units 
 

Method 
 

Reference 
 

Temperature 
 

Wastewater 
 

ºC 
 

YSI 556 MPS 
 

a 
 

pH 
 

Wastewater 
 

pH 
 

YSI 556 MPS 
 

b 
 

Dissolved Oxygen 
 

Wastewater 
 

mg/L 
 

YSI 556 MPS 
 

c 

a. Temperature, Standard Methods 550  

b. pH value, Standard Methods 4500-H
+

 

c. Dissolved Oxygen, Standard Methods 4500-O G. Membrane Electrode Method 
 

 

Table 4. YSI 556 MPS Sensor Specifications 

 
DISSOLVED OXYGEN 

Sensor Type: Steady state polarographic 

Range: % air sat’n mg/L - 0 to 500% air saturation 
- 0 to 50 mg/L 

Accuracy: % air sat’n mg/L - 0 to 200% air saturation: ±2% of the 
reading or 2% air saturation; whichever is 

greater 

- 200 to 500% air saturation: ±6% of the 

reading 

- 0 to 20 mg/L: ±2% of the reading or 0.2 

mg/L; whichever is greater 

- 20 to50 mg/L: ±6% of the reading 

Resolution: % air sat’n mg/L - 0.1% air saturation 
- 0.01 mg/L 

TEMPERATURE 

Sensor Type: YSI Precision
TM  

thermistor 

Range: -5 to 45 ºC 

Accuracy: ±0.15 ºC 

Resolution: 0.01 ºC 

pH 

Sensor Type: Glass combination electrode 

Range: 0 to 14 units 

Accuracy: ±0.2 units 

Resolution: 0.01 units 

 

 B-3 Sample Handling and Custody Requirements 

 
Samples will be collected by trained field personnel with complete sample identification filled 

in on pre-formatted labels on each bottle. Sample identifications include the project name, 
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station, date, time, assay, and preservatives. Sample containers, labels, and chains of custody 

will be provided by BCDHE. Chemical preservatives are prepared in the laboratory prior to 

taking the sample in the field (TKN and ammonia samples). 

 
Samples taken will be immediately placed in a cooler packed with ice or ice packs to maintain 

an internal temperature not to exceed 6 ºC. Samples will be transported to the Barnstable County 

Department of Health and Environment Laboratory. All samples will be transported within a 

timeframe allowed by the holding times for each parameter. Chain of custody sheets will 

identify the sample number, technology, location, collection time, date, sampler, bottle type, 

and analysis required. Sample holding times are outlined in Table 2 (above). 

 

B-4 Analytical Methods Requirements 

 

Table 5. Laboratory Analysis 

 
 

Laboratory Parameter 

 
Method 

Method Detection 

Limit** 

 

Reporting 

Limit** 

Alkalinity SM 2320-B 0.46 mg/L 2.0 mg/L 

Ammonium SM 4500 NH3C 0.23 mg/L 0.5 mg/L 

BOD and CBOD* SM 5210-B 2.0 mg/L 2.0 mg/L 

Fecal Coliform (optional) SM 9222D 1 CFU/100 ml 1 CFU/100 ml 

Nitrate + Nitrite EPA 300.0 0.070 mg/L 0.15 mg/L 

Total Kjeldahl Nitrogen SM 4500  0.23 mg/L 0.60 mg/L 

Total Suspended Solids SM 2540-D 3.1 mg/L 5.0 mg/L 
 

* It is required by NSF protocols that influent samples be tested for BOD and effluent samples be tested 

for CBOD. Analyses for both parameters are conducted by Premier Laboratory. 

 
**All MDLs and RLs reported here are accurate for the laboratory that conducts the analysis.  

 

B-5 Quality Control Requirements 

 

All quality control measures for analyses of samples taken can be found in the Barnstable County 

Laboratory Quality Assurance and Quality Control Plan, the Barnstable County Laboratory 

Standard Operating Procedures. 

 

B-6 Instrument/Equipment Testing, Inspection, and Maintenance Requirements 
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Field Equipment: 

 

All field measurements are taken by trained personnel. All instrumentation used in field 

measurement will be visually inspected prior to use to ensure proper operating condition. All 

observations of unusual occurrences, breakdowns, or malfunctions of the equipment will be 

recorded in the appropriate log book. During measurement, deficiencies in the accuracy of the 

instruments are often immediately apparent through the pre-and post-calibration procedures. 
 

Acceptance, rejection, or qualification of field measurements will be based upon instrument 

calibrations. Field measurement QC data will be recorded by or be under control of the Project 

Manager. In all cases field calibrations and measurements will be reviewed in the field at the 

time of measurement. Rejection of a measurement could be due to excessive instrument drift 

or instrument malfunction, and would result in re- measurement or instrument re-calibration as 

necessary for validation. 

 
Laboratory Equipment: 

Refer to the Barnstable County Laboratory Quality Assurance and Quality Control Plan and 

Standard Operating Procedures for Barnstable County Laboratory. 

 

B-7 Instrument Calibration and Frequency 

 

Field Equipment: 

1.   Thermometers will be checked against a reference thermometer prior to each round of 

sampling. Field thermometers will only be used if the difference between the field and 

reference thermometer is 1ºC or less. The reference thermometer shall be calibrated annually 

with a certified NIST thermometer to an accuracy of ± 1ºC. The NIST thermometer is quality 

checked annually by Alert Scientific. If there is a difference greater than one degree between 

the reference thermometer and the field thermometer, field personnel may use a backup 

thermometer (also NIST calibrated), or obtain a new thermometer for calibration from the 

Barnstable County Water Quality Laboratory. The results of each thermometer check are 

recorded in the thermometer logbook. 

 
2.   The YSI 556 MPS (see Appendix G) will be calibrated daily prior to use as described by the 

manufacturer. Following use, calibration standards will be used to ensure that meter calibration 

was maintained during data collection. If the readings fall outside of the specified and allowable 

deviation from the standards (see Appendix G), then the meter will be recalibrated and all field 

measurements will be retaken. Standards used during calibration will be changed weekly. 

Results of the calibration, which include a beginning and end reading for temperature, dissolved 

oxygen, and a 7.00 pH standard will be recorded in the field logbook. 
 

Laboratory Instrumentation: 

Refer to the Barnstable County Laboratory Quality Assurance and Quality Control Plan and 
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Standard Operating Procedures for Barnstable County Laboratory. 

 

B-8 Inspection/Acceptance of Supplies and Consumables 

 
All supplies will be thoroughly inspected upon delivery and inventoried accordingly. Sample 

bottles will be stored on clean, dry, labeled shelves and checked for cracks or other forms of 

damage. Sample bottles treated with preservatives will be adequately marked and stored in an 

upright position. Sterile sample bottles for bacterial analyses will be inspected to ensure that 

they are undamaged and that the seal is intact. 

 
All stock solutions used for calibration standards for instruments will be stored per 

manufacturer instructions.  Portions used for daily calibrations will be replaced weekly. 

Stock standards solution will be marked with the date that they are opened and the expiration 

date, if applicable. Probes will be replaced when calibration readings fall outside of the 

specified and allowable deviation from the standards (see Appendix G). The temperature 

probe will be calibrated against a certified NIST thermometer. 

B-9 Data Acquisition Requirements (Non-direct Measurements) 

 
Water use meter readings will be obtained and recorded at each sampling visit. 

B-10 Data Management 

 
Hard copies of all sample results are obtained from Barnstable County laboratory on a regular 

basis. The sample data is manually entered into Microsoft Excel spreadsheets. Back-up copies 

of the Excel spreadsheets are made with CD-ROM. Hard copies of the sample reports, once 

entered into any appropriate spreadsheets, are filed. These files will be archived in the 

Barnstable County files for a minimum of 10 years. 

 

Data Error Detection: 

Detecting data errors will be accomplished by three methods: 1.) paper records of laboratory 

and field data will be compared with data entered in the database spreadsheets to detect errors of 

transcription; 2.) data will be graphed according to each measured parameter to check for 

outliers and other inconsistent data; 3.) graphical comparison of the measured parameters will 

be cross- checked for contradictory results. Data entry errors will be corrected as they are 

detected. Suspected errors in raw data will be referred to the relevant laboratory for further 

checks or for re-analysis of the sample, if within holding times. Unresolved data inconsistencies 

will be noted and reviewed for exclusion from the final dataset. 

Group C: Assessment/Oversight 

 

C-1 Assessments and Response Actions 
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The primary goal for the project is to develop equivalent or comparable data regarding the 

performance of both the standard and amended STA. Calibration of field instruments will 

take place prior to field sampling and calibration checks of the instruments will occur 

following every sample run.  If calibration checks fail to fall within acceptable intervals 

for field instruments, measurements will be repeated following recalibration. During each 

run, at least one set of samples will be submitted blind to the laboratory. Data will be 

considered suspect and possibly subject to censoring if the duplicate sample falls outside 

of the precision level equal to two times the precision level indicated in Table 1 for 

laboratory duplicates.  In that event, we will investigate the field variability of the waste 

stream by collecting five discrete samples in rapid succession.  If the variability of these 

samples does not exceed two times the precision level indicated in Table 1 for laboratory 

duplicates, then the original data will be censored and not used in further statistical 

analyses of mean reductions. 

 

External audits of the laboratory are regularly being performed by Mass DEP.  

 

C-2 Reports to Management 

 
Reporting of laboratory analyses will be conducted on an ongoing basis as the samples are 

processed and the reports are generated by the laboratories. Original reports will be 

delivered directly to the Project Manager. 

 
If, during the compilation and presentation of reports, any data appear to be in error due to 

their anomalous value, the Project Director or Manager will request a re-inspection of the 

sample documentation and records and all records relative to the sample collection. 

Group D: Data Validation and Usability 

D-1 Data Review Verification and Validation 

 
Data verification is conducted on at least three levels within the analytical laboratories for this 

project, with general oversight by the Project Q/A Officer (Director of the Barnstable County 

Department of Health and Environment).  

Level 1 – Analyst review and verification: 

All analysts comply with the standard operating procedures for each analyte. Sampling 

containers are checked for appropriate size, material and preservative as well as compliance with 

holding times and temperatures. Sampling methodology is verified for the matrix and source 

classification (wastewater, drinking water, etc.) and appropriate methods are employed based on 

these specifications. The chain of custody is checked and compared with analyte requests 

indicated on the sampling container. Data are accepted or rejected based on specifications for 

instrument or indicator performance specified in the standard operating procedures. All 

aberrations of instrument performance or test anomalies are reported directly to the Laboratory 

Director or immediate section supervisor for resolution. 
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Level two – Cross Review: 

A review of data for each parameter entered into the laboratory database is conducted by a 

data reviewer. The individual who conducted the analyses or entered the data may not conduct 

the data review. At this point, the chain of custody is checked to make sure all analyses 

requested were completed and that the final results were correctly entered in the laboratory 

database. 

Level three – Laboratory Director Review: 

Prior to the release of data from the laboratory, the Laboratory Director checks the data for 

accuracy in reporting, assignment of proper reporting limits, and the attachment of all 

appropriate quality assurance documentation required by the customer. In addition, results 

are checked again for inconsistencies and errors. The Laboratory Director also checks that 

data produced by other subcontracted laboratories has been correctly transcribed. 

 
Rejection of data will occur if the data fails to meet field or laboratory analytical QA/QC 

guidelines outlined in field and laboratory standard operating procedures. Other causes for 

rejection of data may result from system malfunctions, control equipment failures, power 

failures, or Acts of God which may directly affect the performance of a technology. 

 

Field Measurements: 

All field instrumentation is owned and controlled by BCDHE. Two identical instruments (YSI 

556 MPS) are identically maintained and their use is alternated to ensure proper operation and 

instrument back-up. Acceptance, rejection or qualification of field measurements (dissolved 

oxygen, pH, and temperature) will be based upon the field QC methods; primarily instrument 

calibrations (see Appendix G). In all cases, QC data as well as field calibrations and 

measurement will be recorded and supervised by the project manager. Furthermore, a record 

of all calibrations and closing verification is maintained along with each day’s measurements. 

Initial review of field-collected data will occur in the field, at the time of measurement. 

Rejection of a measurement could be due to excessive instrument drift or instrument 

malfunction, and would result in instrument re-calibration and re-measurement as necessary. In 

the event of instrument failure, the alternate instrument would be calibrated and measurements 

for that day would be re-taken. 

 

Laboratory Measurements: 

Additional QC requirements are outlined in the laboratory SOP and QA Plan. Rejection of data 

will be conducted by the Laboratory Director if there are breaches to the field or laboratory 

analytical QA/QC guidelines.  

 

D-2 Validation and Verification Methods 

 
Prior to submission to the Project Manager, laboratory data sets will have been reviewed first 

for completeness, errors in transcription, calculation, or computer input by the technical staff of 

the analytical labs. Laboratory analytical data will be submitted to the Project Manager in 

electronic and printed report format. Field and laboratory data will then be combined by the 
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Project Manager in a master spreadsheet and reviewed for tabular errors. Data will 

subsequently be viewed in graphical form for further review of outliers as possible errors. The 

data will also be reviewed for technical reasonableness, which is defined as: whether the data 

fails within known or expected limits of data previously generated or by other similar 

wastewater systems. Data which does not appear to be reasonable will be referred to the 

laboratory for review. Only data for which a definite miscalculation or transcription errors are 

documented will be changed. No data will be excluded, censored, or qualified. A note will be 

placed on all reports indicating the reason for exclusion of any data point from graphic 

representation or statistical analyses. 
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Appendix A: 

Barnstable County Department of Health and the Environment Laboratory EPA Method 300.0 

STANDARD OPERATING PROCEDURE for Determination of Inorganic Anions in Aqueous 

Samples Using Ion Chromatography (nitrate-nitrite). 

 

Appendix B: 

Barnstable County Department of Health and the Environment Laboratory EPA Method 350.1 

STANDARD OPERATING PROCEDURE for Determination of Ammonia Nitrogen in Aqueous 

Samples by Semi-Automated Colorimetry 

Appendix C: 

Barnstable County Department of Health and the Environment Laboratory EPA Method 351.2 

STANDARD OPERATING PROCEDURE for Determination of Total Kjeldahl Nitrogen in 

Aqueous Samples by Semi-Automated Colorimetry 

Appendix D: 

Barnstable County Department of Health and the Environment Laboratory SM 2540 D 

STANDARD OPERATING PROCEDURE for Determination of Total Suspended Solids in  

Aqueous Samples 

Appendix E: 

Barnstable County Department of Health and Environment Laboratory SM5210B STANDARD 

OPERATING PROCEDURE for the Determination of Biochemical Oxygen Demand (BODs) 

and Carbonaceous Biochemical Oxygen Demand (CBODs) in Aqueous Samples 

Appendix F: 

Barnstable County Department of Health and the Environment Laboratory SM 2320 

STANDARD OPERATING PROCEDURE for Determination of Alkalinity in Aqueous Samples 

Appendix G: 

Barnstable County Department of Health and Environment STANDARD OPERATING 

PROCEDURE for use in field of YSI556 Dissolved Oxygen Meter/pH meter/temperature 

Calibrations. 

Appendix H: 

Barnstable County Department of Health and the Environment Laboratory SM 9222 D 

STANDARD OPERATING PROCEDURE for Determination of Fecal Coliform in  

Aqueous Samples. 

APPENDICES 
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STANDARD OPERATING PROCEDURE (SOP) 

 

For 

 

Determination of Total Kjeldahl Nitrogen in Aqueous Samples  

by Semi-Automated Colorimetry 

 

1.0 SCOPE AND APPLICATION 
 

1.1 This SOP provides procedure for determination of total Kjeldahl nitrogen 

in drinking, ground, and surface waters, domestic and industrial wastes. 

The procedure converts nitrogen components of biological origin such as 

amino acids, proteins and peptides to ammonia, but may not convert the 

nitrogenous compounds, hydrazones, oximes, semicarbazones and some 

refractory tertiary amines. 

 

1.2 The applicable range is 0.1 – 20 mg/L TKN. The range may be extended 

with sample dilution. 

 

2.0 SUMMARY OF METHOD 

 

2.1 The sample is heated in the presence of sulfuric acid, H2SO4 for three 

hours. The residue is cooled, diluted to 25 mL and analyzed for ammonia. 

The digested sample may also be used for phosphorus determination. 

 

2.2 Total Kjeldahl nitrogen is the sum of free-ammonia and organic nitrogen 

compounds which are converted to ammonium sulfate (NH4)2SO4, under 

the conditions of digestion described. 

 

2.3 Organic Kjeldahl nitrogen is the difference obtained by subtracting the 

free-ammonia value from the total Kjeldahl nitrogen value. 

 

3.0 DEFINITIONS 
 

3.1 Calibration Blank (CB) – A volume of reagent water fortified with the 

same matrix as the calibration standards, but without the analyte . 

 

3.2 Calibration Standard (CAL) – A solution prepared from the primary 

dilution standard or stock standard solutions. 

 

3.3 Instrument Performance Check Solution (IPC) – A Solution of one or 

more method analytes or other test substances used to evaluate the 

performance of the instrument system with respect to a defined set of 

criteria. 
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3.4 Laboratory Fortified Blank (LFB) – An aliquot of reagent water or other 

blank matrices to which known quantities of the method analytes are 

added in the laboratory. The LFB is analyzed exactly like a sample, and its 

purpose is to determine whether the methodology is in control, and 

whether the laboratory is capable of making accurate and precise 

measurements. 

 

3.5 Laboratory Fortified Sample Matrix (LFM) – An aliquot of an 

environmental sample to which known quantities of the method analytes 

are added in the laboratory. The LFM is analyzed exactly like a sample, 

and its purpose is to determine whether the sample matrix contributes bias 

to the analytical results. The background concentrations of the analytes in 

the sample matrix must be determined in a separate aliquot and the 

measured values in the LFM corrected for background concentrations. 

 

3.6 Laboratory Reagent Blank (LRB) – An aliquot of reagent water or other 

blank matrices that are treated exactly as a sample including exposure to 

all glassware, equipment, solvents, and reagents that are used with other 

samples. The LRB is used to determine if method analytes or other 

interferences are present in the laboratory environment, the reagents, or 

the apparatus. 

 

3.7 Linear Calibration Range (LCR) – The concentration range over which the 

instrument response is linear. 

 

3.8 Safety Data Sheets (SDS) [Used to be called as Material Safety Data Sheet 

(MSDS)] – Written information provided by vendors concerning a 

chemical’s toxicity, health hazards, physical properties, fire, and reactivity 

data including storage, spill, and handling precautions. 

 

3.9 Method Detection Limit (MDL) – The minimum concentration of an 

analyte that can be identified measured and reported with 99% confidence 

that the analyte concentration is greater than zero. 

 

3.10 Quality Control Sample (QCS) – A solution of method analytes of known 

concentrations that is obtained from a source external to the laboratory and 

different from the source of calibration standards. It is used to check 

laboratory performance with externally prepared test materials. 

 

3.11 Stock Standard Solution (SSS) – A concentrated solution containing one 

or more method analytes prepared in the laboratory using assayed 

reference materials or purchased from a reputable commercial source. 

 

4.0 INTERFERENCES 
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4.1 High nitrate concentrations (10x or more than the TKN level) result in low 

TKN values. If interference is suspected, samples should be diluted and 

reanalyzed. 

 

4.2 Method interferences may be caused by contaminants in the reagent water, 

reagents, glassware, and other sample processing apparatus that bias 

analyte response. 

 

5.0 SAFETY 

 

5.1 The toxicity or carcinogenicity of each reagent used in this method has not 

been fully established. Each chemical must be regarded as a potential 

health hazard and exposure must be as low as reasonably achievable. 

Cautions are included for known extremely hazardous materials or 

procedures. 

 

5.2 Barnstable County Health Laboratory maintains a current awareness file 

of OSHA regulations regarding the safe handling of the chemicals 

specified in this method. Reference files of Safety Data Sheets (SDS) are 

available to all personnel involved in the chemical analysis. The 

preparation of a formal safety plan is also advisable. 

 

5.3 The following chemicals have the potential to be highly toxic or hazardous, 

consult SDS. 

 

5.3.1 Sulfuric acid. 

 

5.3.2 Sodium nitroprusside. 

 

6.0 EQUIPMENT AND SUPPLIES 

 

6.1 Balance – Analytical, capable of accurately weighing to the nearest 

0.0001g.  Fisher Scientific, Model ACCU-124D Dual Range. 

 

6.2 Glassware – Class A volumetric flasks and pipets as required. 

 

6.3 Block Digestor with Tubes – TKN 50 well AIM600 Block/Controller with 

rack and 100 mL glass digestion tubes (Environmental Express, Item#: 

SC900). 

 

6.4 Automated Continuous Flow Analysis Equipment – QuickChem 8500 

Series 2 Flow Injection Analysis System (LACHAT Instruments, A Hach 

Company Brand) 

 

6.4.1 LACHAT XYZ Autosampler. 
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6.5 BD Kjeldahl Digestion Granules from Environmental Express, Item#. 

8032178 

 

6.6 Seal Analytical Teardrop Stoppers, Item No.  SC9703 

 

7.0 REAGENTS, CHEMICALS AND STANDARDS 

 

7.1 Potassium Sulfate (K2SO4).  Fisher, Cat No. P305-500 

 

7.2 Copper (II) Sulfate (CuSO4).  Fisher, Cat No. AC422871000 

 

7.3 Sulfuric Acid (H2SO4).  Fisher, Cat No. A300-212 

 

7.4 Sodium Hypochlorite (NaClO).  Cat No.  19-546-929 

 

7.5 Sodium Salicylate C6H4(OH)(COO)Na.  Fisher, Cat No.  50-700-6201 

 

7.6 Sodium Nitroprusside [sodium nitroferricyanide dehydrate, 

Na2Fe(CN)5NO∙2H2O].  Fisher, Cat No.  AC21164-1000 

 

7.7 Sodium Phosphate dibasic heptahydrate (Na2HPO4∙7H2O).  Fisher,  Cat 

No. AC20651-5000 

 

7.8 disodium EDTA (ethylenediaminetetracetic acid salt).  Fisher,  Cat No. 

BP120500 

 

7.9 Sodium Hydroxide (NaOH).  Fisher,  Cat No. S613-3 

 

7.10 Ammonium Chloride (NH4Cl).  Fisher,  Cat No.
s
  AC199975000  and  

A661-3 

 

7.11 Reagent Water: Ammonia free deionized water produced from 

Millipore Milli-Q Water Purification System. 

 

7.12 Degassing with Helium: 

 

7.2.1 To prevent bubble formation, degas the carrier and buffer with 

helium. Use He at 140 kPa (20 lb/in2) through a helium degassing 

tube. Bubble helium through one liter of solution for one minute. 

 

7.2.2 All reagents used in heated chemistry must be degassed. 

 

7.13 Reagent 1: Digestion Solution 

 

 In a 1.0 liter volumetric flask, add 134 g potassium sulfate (K2SO4) and 

7.3 g copper sulfate (CuSO4) in 800 mL water. Then add 134 mL conc. 
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Sulfuric acid (H2SO4) and dilute to the mark with reagent water. Stir to 

mix. 

 

7.14 Reagent 2: Hypochlorite Solution 

 

 In a 250 mL volumetric flask, dilute 15 mL 5.25% sodium hypochlorite 

(NaOCl) to the mark with reagent water. Invert to mix. 

 

7.15 Reagent 3: Salicylate Nitroprusside 
 

 In a 1.0 liter volumetric flask, dissolve 150 g sodium salicylate [salicylic 

acid sodium salt, C6H4(OH)(COO)Na] and 1.0 g sodium nitroprusside 

[sodium nitroferricyanide dehydrate, Na2Fe(CN)5NO∙2H2O] in about 800 

mL reagent water. Dilute to the mark with reagent water and invert to mix. 

Store in a dark bottle and prepare fresh monthly. 

 

7.16 Reagent 4: Buffer 

 

 In a 1 liter volumetric flask containing 900 mL reagent water, completely 

dissolve 35 g sodium phosphate dibasic heptahydrate (Na2HPO4∙7H2O). 

Next, add 20 g disodium EDTA (ethylenediaminetetracetic acid salt). The 

EDTA will not dissolve but will form a turbid solution. Finally, add 50 g 

sodium hydroxide (NaOH), dilute to the mark with reagent water and 

invert to mix. Degas weekly and prepare fresh monthly. 

 

7.17 Reagent 5: Sodium Hydroxide (0.8M) 

  

In a 1.0 liter volumetric flask, dissolve 32 g sodium hydroxide (NaOH) in 

about 800 mL reagent water. Dilute to the mark with reagent water and stir 

to mix. 

 

7.18 Reagent 6: Digestion Diluent (for Carrier and Simulated Standards) 

 

 In a 1.0 liter volumetric flask, dissolve 400 mL digestion solution 

(Reagent 1) in about 600 mL reagent water. Dilute to the mark with 

reagent water and shake to mix. 

 

7.19 Calibration Standards 

 

 7.19.1 Stock Standard: 1000 mg/L 

 

In a 1.0 liter volumetric flask, dissolve 3.819 ammonium chloride 

(NH4Cl) that has been dried for two hours at 110˚C in about 800 

mL reagent water. Dilute to the mark with reagent water and invert 

to mix. 
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 7.19.2  Working Stock Standard: 20 mg N/L 

 

In a 250 mL volumetric flask, dilute 5.0 mL of the stock standard 

(1000 mg/L) to the mark with reagent water or digestion diluent: 

Depending on which process utilized: Digested (use reagent water) 

for Samples, LFB, Blanks,  and   Simulated Digestion (use 

digestion diluent) for Calibration Standards and QCS, and invert to 

mix. 

 

 7.19.3 Calibration Standards:    For Simulated Digestion 

 

There are six levels calibration standards and their respective 

concentrations and preparation procedures are listed as follows: 

 

Level 
Concentration 

(mg N/L) 

Volume (mL) of Working 

Stock Standard (20 mg N/L) to 

50 mL with Digestion Diluent 

6 20 50 

5 10 25 

4 5.0 12.5 

3 1.0 2.5 

2 0.50 1.25 

1 0 0 

 

8.0 SAMPLE COLLECTION, PRESERVATION AND STORAGE 

 

8.1 Samples are collected in plastic or glass bottles. All bottles must be 

thoroughly cleaned and rinsed with reagent water. Volume collected must 

be sufficient to insure a representative sample, allow for replicate analysis, 

and minimize waste disposal. 

 

8.2 Samples must be preserved with H2SO4 to a pH<2 and cooled to 4˚C at the 

time of collection. 

 

8.3 Samples should be analyzed as soon as possible after collection. If storage 

is required, preserved samples are maintained at 4˚C and may be held for 

up to 28 days. 

 

9.0 QUALITY CONTROL 

 

9.1 Barnstable County Health Laboratory operates a formal quality control 

(QC) program. The QC program for this method consists of an initial 

demonstration of laboratory capability, and the periodic analysis of 

laboratory reagent blanks and other laboratory solutions as a continuing 
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check on performance. The laboratory maintains performance records that 

define the quality of the data that are generated. 

 

9.2 INITIAL DEMONSTRATION OF PERFORMANCE 

 

9.2.1 The initial demonstration of performance is used to characterize 

instrument performance (determination of linear calibration ranges 

and analysis of QCS) and laboratory performance (determination 

of MDL) prior to performing analyses by this method. 

 

9.2.2 Linear Calibration Range (LCR) – The LCR is determined initially 

and verified every 6 months or whenever a significant change in 

instrument response is observed or expected. The initial 

demonstration of linearity uses a blank and five calibration 

standards. If any verification data exceeds the initial values by 

±10%, linearity will be reestablished.  

 

9.2.3 Quality Control Sample (QCS) – The QCS is analyzed right after 

initial calibration (Section 9.2.2) to verify the calibration standards 

and acceptable instrument performance with preparation and 

analysis of a QCS. If the determined concentrations are not within 

±10% of the stated values, performance of the determinative step 

of the method is unacceptable. The source of the problem must be 

identified and corrected before either proceeding with the initial 

determination of MDLs or continuing with on-going analyses. 

 

9.2.4 Method Detection Limit (MDL) – MDL must be established using 

reagent water (blank) fortified at a concentration of two to three 

times the estimated instrument detection limit. To determine MDL 

values, seven replicate aliquots of the fortified reagent water are 

taken and processed through the entire analytical method. The 

following equation is used to calculate the MDL: 

 

)()( StMDL   

 

Where 

t = Student’s value for a 99% confidence level and a 

standard deviation estimate with n-1 degrees of 

freedom [t = 3.14 for seven replicates]. 

 

S = Standard deviation of the replicate analyses. 

 

9.2.4.1 The Standard deviation (S) can be calculated using the 

following equation: 
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   Where,  n = number of samples; 

     x = concentration in each sample. 

 

9.2.4.2 MDLs must be determined every six months, when a new 

operator begins work, or whenever there is a significant 

change in the background or instrument response. 

 

9.2.4.3 One set of MDLs is listed as follows: 
   

 

 

9.3 ASSESSING LABORATORY PERFORMANCE 

 

9.3.1 Laboratory Reagent Blank (LRB) – The laboratory analyzes at 

least one LRB with each batch of samples. Data produced are used 

to assess contamination from the laboratory environment. Values 

that exceed the MDL indicate laboratory or reagent contamination 

must be suspected and corrective actions must be taken before 

continuing the analysis. 

 

9.3.2 Laboratory Fortified Blank (LFB) – The laboratory analyzes at 

least one LFB with each batch of samples. Calculate accuracy as 

percent recovery as follows: 

 

100



S

R
CCs

 

  Where,  R = percent recovery; 

    Cs = recovered fortified blank concentration; 

    C = blank background concentration; 

S = concentration equivalent of analyte added to 

blank. 

 

9.3.2.1 If the recovery of any analyte falls outside the required 

control limits of 90-110%, the result is judged out of 

control, and the source of the problem must be identified 

and resolved before continuing analysis. 

Unit: mg/L 

Spiking 

Level 
8/11/15 8/11/15 8/11/15 8/31/15 8/31/15 8/31/15 9/1/15 MEAN STDEV MDL 

0.5 0.391 0.419 0.346 0.268 0.344 0.362 0.399 0.361 0.050 0.16 
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9.3.3 The laboratory also uses LFB analyses data to assess laboratory 

performance against the required control limits of 90-110%. When 

sufficient internal performance data become available (usually a 

minimum of 25 analyses), optional control limits and control charts 

can be developed from the percent mean recovery (x) and the 

standard deviation (S) of the mean recovery. These data can be 

used to establish the upper and lower control limits as follows: 

 

UPPER CONTROL LIMIT = x + 3S 

LOWER CONTROL LIMIT = x – 3S 

 

The optional control limits must be equal to or better than the 

required control limits of 90-110%. After each five to ten new 

recovery measurements, new control limits can be calculated using 

only the most recent 20-30 data points. Also the standard deviation 

(S) data must be used to establish an on-going precision statement 

for the level of concentration included in the LFB. These data are 

kept on file and be available for review. 

 

9.3.4 Instrument Performance Check Solution (IPC) – For all 

determinations the laboratory must analyze the IPC (a mid-range 

check standard) and a calibration blank immediately following 

daily calibration, after every 10
th

 sample (or more frequently, if 

required), and at the end of the sample run. Analysis of the IPC 

solution and calibration blank immediately following calibration 

must verify that the instrument is within ±10% of calibration. 

Subsequent analyses of the IPC solution must verify the calibration 

is still within ±10%. If the calibration cannot be verified within the 

specified limits, the IPC solution is reanalyzed. If the second 

analysis of the IPC solution confirms calibration to be outside the 

limits, the sample analysis must be discontinued, the cause 

determined and/or in the case of drift the instrument recalibrated. 

All samples following the last acceptable IPC solution must be 

reanalyzed. The analysis data of the calibration blank and IPC 

solution are kept on file with the sample analysis data. 

 

9.4 ASSESSING ANALYTE RECOVERY AND DATA QUALITY 

 

9.4.1 Laboratory Fortified Sample Matrix (LFM) – The laboratory adds 

a known amount of analyte to a minimum of 10% of the routine 

samples. In each case the LFM aliquot must be a duplicate of the 

aliquot used for sample analysis. The analyte concentration must 

be high enough to be detected above the original sample and 

should not be less than four times the MDL. The added analyte 
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concentration should be the same as that used in the laboratory 

fortified blank. 

 

9.4.2 The percent recovery for TKN is calculated and corrected for 

concentration measured in the unfortified sample using the 

following equation: 

 

100



S

R
CCs

 

 

  Where,  R = percent recovery; 

    Cs = fortified sample concentration; 

    C = sample background concentration; 

S = concentration equivalent of analyte added to 

sample. 

 

  Acceptable range of R is 90-110%. 

 

9.4.3 If the recovery falls outside the designated LFM recovery range 

(90-110%) and the laboratory performance is shown to be in 

control (Section 9.3), the recovery problem encountered with the 

LFM is judged to be matrix related, not system related. 

 

10 CALIBRATION AND STANDARDIZATION 

 

 10.1 Prepare reagents and standards as described in Section 7. 

 

10.2 Set up TKN manifold as is shown in Section 17.3 of the Lachat 

Instruments Methods Manual (reference 14.5.)  

 

10.3 Input data system parameters as shown in Section 17 of the Lachat 

Instruments Methods Manual (reference 14.5.) 

 

 

10.4 Pump reagent water through all reagent lines and check for leaks and 

smooth flow.  In order to avoid precipitate forming in the manifold tubing: 

Add the Buffer Line First and allow to pump through manifold for at 

least 5 minutes.  Then add reagent lines one by one, ending with the 

salicylate nitroprusside added last.  For removal after analysis, reverse this 

order with the salicylate nitroprusside line disconnected first, and the 

buffer line last.  When finished, place all respective reagent lines into 

water and allow to pump through manifold for ten minutes. 

 

10.5 Place standards in the sampler and sequence the required information in 

the data system. 
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10.6 Calibrate the instrument by injecting the standards.  The system will then 

associate the concentrations with the peak area for each standard to 

determine the calibration curve. 

 

10.7 The initial calibration is deemed acceptable if the following criteria are 

met: 

 

10.7.1 R ≥ 0.995 

 

10.7.2 Quality Control Sample (QCS) standard is run right after the initial 

calibration.  The concentration of the QCS is 10 mg/L.  This 

standard (Ammonium chloride) is ordered from Fisher Scientific, 

Acros Organics, ACS reagent grade.  The procedure for making 

the QCS is the same as the one for Level 5 of  the calibration 

standards described in (Section 7.9.1, 7.9.2, and 7.9.3).  The QCS 

concentration must fall within ± 10% of the stated value. 

 

10.7.3 Instrument Performance Check (IPC) refer to (Section 9.3.4). 

 

10.8 Figure 1.  Lists a set of initial calibration peaks and a linear calibration 

curve 

 

 

 

11 PROCEDURE 

 

11.1 Barnstable County Health Laboratory prepares the standards using the 

simulated digestion process with the digestion diluent.  At a minimum, 

two blanks and one standard (LFB) should be prepared in reagent water 

and carried through the digestion procedure. 

 

11.2 DIGESTION PROCEDURE 
 

11.2.1 To a 25.0 mL sample add 10 mL digestion solution (Reagent 1) 

and mix. 

 

11.2.2 Add 2 to 4 BD Kjeldahl Digestion Granules to each tube.   

 

11.2.3 Place tubes in the preheated block digester for one hour at 200
o
C.  

Water from the sample must be boiled off before increasing the 

temperature. 

 

11.2.4 Place the cold finger, teardrop stopper on the top of the sample 

tube. 
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11.2.5 Continue to digest for 2 hours at 380
o
C.  This includes the ramp 

time (approximately 50 minutes) for the block temperature to come 

up to 380
o
C. 

 

11.2.6 Remove the sample tubes from the block and allow about 3 

minutes to cool. 

 

11.2.7 Dilute to 25.0 mL with reagent water (add 23.5 mL) to each tube 

and vortex to mix. 

 

11.2.8 If the samples are not run immediately they should be covered 

tightly and refrigerated at 4
o
C. 

  

 11.3 SYSTEM START-UP PROCEDURE 
 

  11.3.1 Prepare reagent and standards as described in section 7. 

 

11.3.2 Set up manifold as shown in Section 17.3 of the Lachat 

Instruments Methods Manual. 

 

11.3.3 Input peak timing and integration window parameters as specified 

in section 17.2 of the Lachat Instruments Methods Manual. 

 

11.3.4 Pump reagent water through all the reagent lines and check for 

leaks and smooth flow.  Switch to reagent lines - add buffer first 

and pump through the system for 5 minutes, followed by the other 

reagents,  adding salicylate nitroprusside last – and allow the 

system to equilibrate until a stable baseline is achieved. 

 

11.3.5 Place the standards in the autosampler, and fill the sample tray.  

Input the information required by the data system, such as 

concentration, replicates and QC scheme.  

 

11.3.6 Calibrate the instrument by injecting the standards.  The data 

system will then associate the concentrations with responses for 

each standard. 

 

11.3.7 After a stable baseline has been obtained, start the sampler and 

perform the analysis. 

 

11.4 TROUBLESHOOTING AND SYSTEM NOTES 

 

 11.4.1 Allow at least 15 minutes for the heating unit to warm up to 60
o
C. 

 

11.4.2  If sample concentrations are greater than the high standard the 

digested sample should be diluted with Reagent 6 (diluent.)  Do 



Barnstable County Health Laboratory 

September 29, 2015 

 

Page 14 of 16 

 

not dilute digested samples or standards with reagent water, as this 

will cause a problem with matix-matching, pH differences. 

 

11.4.3 If the salicylate reagent is merged with a sample containing 

sulfuric acid in the absence of the buffer solution, the salicylate 

reagent will precipitate.  If this occurs NaOH can be run through 

the system to attempt to clear clogs, flush system with NaOH for 

20 minutes.  If clogged tubing cannot be cleared, the tubing should 

be replaced.  To prevent this, prime the system by first placing the 

buffer transmission line in the buffer solution.   

 

11.4.4 In normal operation nitroprusside gives a yellow background color 

which combines with the blue indosalicylate to give an emerald 

green color.  This is the normal color of the solution in the waste 

container. 

 

11.4.5 If the block digestor tubes are not completely dry and have water 

droplets on them, there exists the possibility of ammonia 

contamination in the water droplets. 

 

11.4.6 If phosphorus is also determined with the Lachat System, a second 

helium degassing tube should be used and segregated for the 

individual chemistries. 

 

11.4.7 If baseline drifts, peaks are too wide, or other problems with 

precision arise, clean the manifold by the following procedure:  

 

11.4.7.1 Place transmission lines in water and pump to clear 

reagents first. 

 

11.4.7.2 Place reagent lines in 1M HCl and pump for several 

minutes 

 

11.4.7.3 Place all lines back into water and pump out HCl. 

 

11.4.8 If digested samples contain turbidity allow to settle prior to 

analysis, decant sample slowly into test tube. 

 

11.4.9 Alternatively, if turbid conditions persist, filter the digested sample 

with 0.45uM filter. 

 

12 POLLUTION PREVENTION 
 

12.1 Pollution prevention encompasses any technique that reduces or eliminates 

the quantity or toxicity of waste at the point of generation.  Numerous 

opportunities for pollution prevention exist in the laboratory operation.  
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The EPA has established a preferred hierarchy of environmental 

management techniques that places pollution prevention as the 

management option of first choice. 

 

12.2 Quantity of the chemicals purchased should be based on the expected 

usage during its shelf life and disposal cost of unused material.  Actual 

reagent preparation volumes should reflect anticipated usage and reagent 

stability. 

 

13 WASTE MANAGEMENT 
 

13.1 The laboratory waste management practices are conducted consistent with 

all applicable rules and regulations as stated in the laboratory’s Sample 

and Waste Disposal (Revision 001) on February 25, 2004.  Excess 

reagents, samples and method process wastes are characterized and 

disposed of in an acceptable manner in this SOP. 

 

 

 

 

14 REFERENCES 
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14.2 ASTM, Water(I), Volume 11.01, Method D3590-89, Test Methods for 
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Figure 1. 

 

 

  

 

 

 

 

Conc = 0.631 * Area + 0.0687 

Area = 1.59 * Conc - 0.109 

Correlation Coefficient (r) = 0.99998 

Weighting : None 
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Barnstable County Laboratory 

 

 

STANDARD OPERATING PROCEDURE (SOP) 

 For 

 

Determination of Total Suspended Solids in Aqueous Samples 

 

 

1.       SCOPE AND APPLICATION 

  

1.1 This method covers the determination of total suspended solids (TSS) in drinking 

water, surface water, domestic water, industrial wastes, and other aqueous samples. 

 

 

2. SUMMARY OF METHOD 

 

2.1      A well-mixed sample is filtered through a Preweighed glass fiber filter, and the       

residue retained on the filter is dried to constant weight at 103-105 C. 

 

 

3. INTERFERNCES 

 

3.1 Filtration apparatus, filter material, pre-washing, post-washing, and drying  

temperature are specific because these variables have been shown to affect results. 

 

3.2 Samples high in dissolved solids, such as saline waters, brines and some wastes,  

may be subject to  a positive interference.  Care must be taken to thoroughly wash 

the filter to ensure removal of dissolved material.  Prolonged filtration times 

resulting from filter clogging may produce high results owing to increased colloidal 

materials captured on the clogged filter. 

            

4. SAFETY 

 

4.1 Follow general laboratory safety guidelines, such as wearing safety glasses, gloves 

and a lab coat. 
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5. EQUIPMENT AND SUPPLIES 

 

5.1 ProWeigh Filters, 47mm (Environmental Express, catalog #  F93447MM) 

 

5.2 Filtration apparatus with reservoir and  a coarse (40-60 microns) fritted disc as a 

Filter support (VWR, catalog # 28143-550) 

  

5.3 Suction flask, 5 gallons 

 

5.4 Drying Oven (Fisher Scientific Isotemp Oven, Model # 625G, catalog # 13-247-

625G) for operation a 103-105 C. 

 

5.5 Desiccator, provided with a desiccant  containing a color indicator of moisture 

concentration. 

     

5.6 Aluminum weighing dishes (VWR, Catalog # 25433-008) 

 

5.7 Analytical balance ( 0.1mg)- Fisher Scientific (Model ACCU-124D) 

 

5.8 Graduated cylinder, 100mL (Fisher Scientific, catalog # 08572D) 

 

 

6. REAGENTS AND STANDARDS 

 

6.1 Reagent water – Deionized water from  Milli-Q Direct 8/16 System, Millipore 

Direct-Q 3 System. 

 

6.2     30 mg/L TSS standard from NSI Solutions Catalog # QCI-057 for low level 

standard check.  

                                                                                                                             

7. SAMPLE COLLECTION, PRESERVATION AND STORAGE 

 

7.1 Samples are collected in 1 liter plastic bottles.  All bottles must be thoroughly  

cleaned and rinsed with reagent water. 

 

7.2 Preservation of the sample is not practical; analysis should begin as soon as 

possible.  Samples are shipped iced or stored cold in a refrigerator at 4C. 

 

7.3 The holding time is 7 days and no preservation is required. 

 

7.4 Non-representative particulates such as leaves, sticks, fish, and lumps of fecal  

matter should be excluded from the sample if it is determined that their inclusion 

is not desired in the final result. 
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8. QUALITY CONTROL 

 

8.1 A method blank using 100 mL of deionized is processed with the same  

procedures as the samples in each batch. 

  

8.2 A duplicate sample is to be included in any set of 10 samples.  The agreement  

between the sample and the duplicate must be < 20%. 

    

8.3 Method Detection Limit (MDL)- An MDL is established using reagent water 

fortified at  a concentration of three to five times the estimated detection limit. 

seven replicate aliquots of the fortified reagent water are run and processed  

through the entire analytical method.  Then the MDL is calculated as follows: 

 

       MDL= (t) x (S n-1)                                                 (1) 

 

Where, 

t = student’s value for a 99% confidence level and a standard deviation estimate        

with n-1 degrees of freedom. 

   S n-1 = sample standard deviation (n-1) of the seven replicate analyses.  

                      

 The laboratory conducts MDL study annually.  One set of MDL study is  

                      shown in Table 1. 

 

8.4 Accuracy and Precision- 4 replicates of a known value are prepared and analyzed. 

The mean measured concentration (
x

C ) of the replicate values is calculated as 

follows:  

   
x

C
n

CCCC )( 4321 
 

 

                      Where, 

 

C
x
  = Mean recovered concentration of the replicate analysis. 

C1,  C2,   …Cn= Recovered concentrations of the replicate 1,2, …n. 

The value derived for C
x
 must be within  ±  10% of the true value. 

                    The percent relative standard deviation (%RSD) of the replicate analysis as stated  

                      above is calculated using the following equation. 

 

                                                     % RSD =  
)(

100)( 1

x

n

C

xS   

         Where, 

S n-1  =  sample standard deviation (n-1) of the replicate analysis. 

                        C
x
   =   mean recovered concentration of the replicate analysis. 

             

8.5 A low level standard is to be run on an ongoing basis.  Use NSI Solutions Catalog  
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Number QCI-057. 

                                                                            

9. CALIBRATION OF BALANCE 

 

9.1 Check the analytical balance with three Class ‘s’ weights: 0.05(g), 10(g), and 

100(g) and record them in the Analytical Balance Calibration Logbook. 

 

10.      PROCEDURE 

 

10.1 Preparation of glass-fiber filter disk: 

 

10.1. 1  Take a Preweighed 47mm glass fiber filter from Environmental Express  

              and record the weight in the Initial Weight column in the Solids Runlog  

              Book.  Follow this procedure for all samples. 

 

10.2  Sample Analysis: 

 

         10.2. 1  Assemble filtering apparatus and filter and begin suction.  The filter is  

             seated on fritted support by wetting it with deionized water.  After shake 

             thoroughly, the sample volume is measured in a graduated cylinder and  

             slowly poured on the filter.  The filter is then rinsed with three successive  

             10 mL volumes of deionized water, allowing complete drainage between  

             washings and suction is continued for three minutes after filtration is  

             complete. 

 

10.2 2   Filters are carefully removed from filtration apparatus and transferred to an 

            aluminum weighing dish for support.  Filters placed in their aluminum  

           weighing dish are put in the oven at 103-105  Celsius for at one hour. 

            Cool in desiccator to balance temperature and weigh. Repeat the cycle of 

            drying , cooling, desiccating and weighing until a constant weight is  

            obtained or until weight change is less than 4% of the previous weighing 

            or 0.5mg, whichever is less.  Store in desiccator until needed.   

            

11.      DATA ANALYSIS, CALCULATIONS AND REPORTS 

 

11.1 Calculation: 

         

                           TSS (mg/L)=    (A-B) x 1000_ 

                            V                            

                        

                      Where: 

   A= weight of filter + dried residue (mg); 

                           B= weight of filter (mg); 

                           V= sample volume (mL). 

 

11.2 Reports: 
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All data, including the date, Lab ID, Client ID, sample volume (V), weight of filter  

            (B), weight of filter + dried residue (A), the calculation, and analyst initials are  

            recorded in the Inorganics Solid Runlog Book (Figure 1)   

 

12.    POLLUTION PREVENTION AND WASTE MANAGEMENT 

 

12.1 The laboratory waste management practices are conducted consistent with all  

Applicable rules and regulations as stated in the laboratory’s Sample and Waste 

Disposal (Revision 003) on July 6,2006.  Excess reagents, samples and 

method process wastes are characterized and disposed of in an acceptable manner 

in this SOP. 

 

13.      REFERENCES 

 

1. U.S. Environmental Protection Agency, “Method or Guidance for Analysis of Water, 

Residue, Non-Filterable (Gravimetric, Dried at 103-105C)”, Method 160.2, Issued 

1971. 

 

2. American Public Health Association (APHA) 

American Water Works Association (AWWA) 

Water Environment Federation (WGI) 

                  Standard Methods (SM) for the Examination of Water and Wastewater, 22
nd

 
  
edition  

                  SM2540D, 2012. 
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Table 1          

Method Detection Limit (MDL) for Total Suspended Solids (TSS) Using SM 2540D 

            

Unit: mg/L     Spiking Level: 15 mg/L   Analyst: Diane Brown 

            

  Filter 1 Filter 2 Filter 3 Filter 4 Filter 5 Filter 6 Filter 7 STDEV MDL 

Date 
Analyzed 1/8/2010 1/8/2010 1/8/2010 1/11/2010 1/11/2010 1/19/2010 1/19/2010     

Concentration 13 14 16 14 15 14 15 0.9759 3.06 
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Figure 1: 

Inorganics Solid Runlog Book 

              

Date Lab ID Client ID Sample Initial Wt Final Wt (g) TSS VSS TS TDS Comment Initial 

      Vol (mL) (g) Wt01 Wt02 Wt03 (mg/L) (mg/L) (mg/L) (mg/L)    
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Barnstable County Laboratory 

 

 

STANDARD OPERATING PROCEDURE (SOP) 

 For 

 

Determination of Alkalinity in Aqueous Samples 

 

 

 

 

1.       SCOPE AND APPLICATION 

  

1.1 This method covers the determination of Alkalinity in drinking water, surface 

water, domestic water, industrial wastes, and other aqueous samples. 

 

 

2. SUMMARY OF METHOD 

 

2.1 An unaltered sample is titrated to an electrometrically determined end point 

of pH 4.5.   The sample must not be filtered or diluted. 

 

            

 

3. INTERFERENCES 

    

3.1 Substances, such as salts of weak organic and inorganic acids present in large 

amount, may cause interferences in the electrometric pH measurements. 

 

3.2 For samples having high concentrations of mineral acids, such as mine wastes 

and associated receiving waters, titrate to an electrometric endpoint of pH 3.9 

Oil and grease, by coating the pH electrode, may also interfere, causing sluggish 

response. 

 

4. SAFETY 

 

4.1 Follow general laboratory safety guidelines, such as wearing safety glasses, gloves 

and a lab coat. 

 

 

5. EQUIPMENT AND SUPPLIES 



Barnstable County Laboratory 

October 21, 2015 
 

 - 3 - 3 

 

5.1      PC  Titrate (Man-Tech),  Model PC Titration Plus 

 

          5.2      Gilson autosampler, Model 223 

 

          5.3       pH Electrode, Man-Tech, Model PCE 80-PH1013 

 

5.4       50 mL plastic vials, Fisherbrand #05-539-9 

 

 5.5       Reference filling solution, 4M KCL, # R001013 

 

          5.6      Rinse solution, 200mL of pH 4.00 (SB101-4), Fisher Scientific, fill to 1000mL  

                      with tap water. 

 

 

6. REAGENTS AND STANDARDS 

 

6.1 Reagent water – Deionized water from Milli-Q Direct 8/16 System or Millipore 

Direct-Q 3 System,   

 

6.2      Buffer Solution pH 4.00 (Red), Fisher Scientific, # SB101-4 

          Buffer Solution pH 7.00 (Yellow), Fisher Scientific, # SB107-4 

                     Buffer Solution pH 10.0 (Blue), Fisher Scientific, # SB 115-4 

                     Buffer Solution pH 7.00 (Clear), Fisher Scientific, # SB 108-1 

 

          6.3      0.02N Sulfuric Acid, Fisher Scientific SA 226-1or make from 98% H2So4(Fisher,                        

  #300-212) 

          6.4      Sodium Carbonate, Fisher Scientific S495-500 

                      

6 SAMPLE COLLECTION, PRESERVATION AND STORAGE 

 

     7.1     Samples are collected in 500 mL plastic bottles.  All bottles must be thoroughly  

 cleaned and rinsed with reagent water. 

 

6.2     Samples are stored at 4°C until analysis but must at room temperature when   

                    analyzed.  Do not open sample bottle before analysis. 

 

6.3     Holding time is 14 days.   

 

 

7 QUALITY CONTROL 

 

         

8.1      A duplicate sample is to be included in any set of 10 samples.  The agreement  

between the sample and the duplicate must be  20%.  If it is outside these limits, a 

third sample is analyzed.   If this is outside the limits, a QC check is run to check 
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the calibration of the instrument itself.  If the instrument is found to be out of 

calibration, it is to be recalibrated and all analyzes are repeated. 

    

8.2      A Quality Control sample is to be run at the beginning. After every 10 samples, and   

           at the end of the run, a CCV is to be run.  Use pH yellow buffer (pH 7). The QC 

value  is 25mg/L.  It must fall within 10% of the range.  If it is not within 

           the range, a second analysis is performed to verify the measured value.  Upon  

           repeat failure, the results from this analysis will be considered unacceptable and the  

           complete procedure will be repeated after the instrument is recalibrated. 

   

                              8.2  1    To make the QC take 1.0g of Sodium Carbonate dilute to 1000mL 

                                            with reagent water. 

                               8.2  2    Take 25mL of the stock Sodium Carbonate solution and dilute to 

                                            1000mL for the QC Solution. 

                               8.2  3    A low level standard is to be run on an ongoing basis.  Take 5mL of  

                                            the stock Sodium Carbonate solution and dilute to 1000mL. 

 

8.3     A Method Blank is run immediately following every QC sample.  For the Blank,  

          take 40mL of reagent grade water and place it in a 50mL plastic vial, and put it 

          on the autosampler. 

 

 

8.4      Method Detection Limit (MDL)- An MDL is established using reagent water 

fortified at  a concentration of three to five times the estimated detection limit. 

seven replicate aliquots of the fortified reagent water are run and processed  

through the entire analytical method.  Then the MDL is calculated as follows: 

 

       MDL= (t) x (S n-1)                                                  

Where, 

t = student’s value for a 99% confidence level and a standard deviation estimate 

with n-1 degrees of freedom. 

S n-1 = sample standard deviation (n-1) of the seven replicate analyses.  

 

8.3.1 The laboratory conducts MDL study annually.   The MDL’s must be run 

over a period of at least 3 days. 

 

 

8.5  Accuracy and Precision- 4 replicates of a known value are prepared and analyzed. 

The mean measured concentration (
x

C )  of the replicate values is calculated as 

follows 

    

   
x

C
n

CCCC )( 4321 
 

 

                     Where, 
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           C
x
  = Mean recovered concentration of the replicate analysis. 

 

                       C1,  C2,   …Cn= Recovered concentrations of the replicate 1,2, …n. 

 

                       The value derived for C
x
 must be within  ±  10% of the true value. 

 

                       The percent relative standard deviation (%RSD) of the replicate analysis as stated  

                       above is calculated using the following equation. 

 

                                                     %RSD =  
)(

100)( 1

x

n

C

xS   

 

                      Where, 

 

                       S n-1  =  sample standard deviation (n-1) of the replicate analysis. 

                       C
x
   =   mean recovered concentration of the replicate analysis. 

                                                                      

9    CALIBRATION  

 

9.1      In a 50 mL sample vial, place 40 mL of each  of the 3 buffers.  In position  #1 on  

The autosampler place the pH 4.00, in position #2, put in pH 7.00 (yellow), and in               

position #3, put in pH 10.0. 

 

10.     OPERATIONAL PROCEDURE 

 

10.1 Double click on PC Titration- 

     

10.1 1   Main Menu will show up, Click on RUN Titration.  Double Click on line  

             1, a menu will come up highlight pH CAL 4-7-10 and hit OK. 

             Under Order Number, highlight and click on Autogenerate. 

             Under Sample Name, type in pH cal 

             Under Vial#, type in #1  

              Hit Save As and type in the date, hit OK               

10.1 2    Load the autosampler, #1 position is pH 4.00, # 2 is pH 7.00, and #3 

              is pH 10.0. 

10.1 3    Hit START 

10.1 4    The PC Titrate will perform the calibration and will say pH 

              Calibration has passed.          

 

        

 

10.2     SAMPLE ANALYSIS 
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                     10.2 1      Go to Titrator Main Menu- select RUN TITRATION 

                     10.2 2      Double click on lst line- all the options will appear- select ALK QC- 

                                     OK 

                     10.2 3       Move curser to order#, hit AUTO GENERATE, move to sample name-  

                                      type in ID of sample or QC, move to vial # and type that number in. 

                     10.2 4      Go back to lst line-rt click- hit add a row or add rows 

                                      Double click on that next line, select pH QC-OK, move to order #, auto 

                                      Generate, sample name, vial #,   Repeat these steps for all samples,  

                                       Selecting the appropriate analysis –pH-Alk or Cond-pH-Alk options. 

 

                     10.2 5       After all samples have been typed in and orders hit SAVE, type in  

                                      current date, OK, then START. 

 

11.    DATA ANALYSIS, CALCULATIONS AND REPORTS 

 

11.1 Calculation: 

 

The PC Titrate automatically calculates the titration.  

                                                                  

11.2 Reports 

  

             All data, including the date, Lab ID, Client ID, the concentration (mg/L), and  

             analyst initials are placed in the 3 ring binder PC Titrate logbook. 

              

12.    POLLUTION PREVENTION AND WASTE MANAGEMENT 

   

12.1 The laboratory waste management practices are conducted consistent with all  

Applicable rules and regulations as stated in the laboratory’s Sample and Waste 

Disposal (Revision 003) on October 15, 2009.  Excess reagents, samples and 

method process wastes are characterized and disposed of in an acceptable manner 

in this SOP. 
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YSI 556 Dissolved Oxygen Meter/ multimeter 
Calibrations 

 
Turn on meter and let rest for at least 20 min for DO sensor to 
polarize. 
 
Check against pH 7, then DO, then Conductivity 
 
Calibration Check Error Limits 
 
Dissolved oxygen +/- 0.5 mg/l or +/- 6% saturation 
pH +-/ 0.15 standard units 
Specific conductance +/- 5%  
 
 
Calibrate in this order Conductivity, DO %, and then pH.  
 
Store probe in either pH 4 buffers, or paper towel moistened with tap water. 
 
Do Not Store in DI water. 
 
Calibration procedures 
 
Access calibration screen: 
 

1. Press the escape key to display main menu 
2. Use arrow keys to highlight the Calibrate section and press enter. 

 
NOTE: Do not accept OUT OF RANGE on any parameter 
 
If unit displays OUT OF RANGE 
-Return to the calibration menu 
-Select Parameter in question 
-When prompted to enter value- Press the Enter key and ESC key together 
simultaneously (This will set the sensor back to factory default, erasing any erroneous 
information stored in the sensor) 
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YSI 556 Dissolved Oxygen Meter/ multimeter 
Calibrations 
 
 
Conductivity Calibration 
 

1. Select conductivity from Calibration menu, press enter. 
2. Select Specific Conductance, press enter. 
3. Enter Value of standard, 447 uS 
4. Wait for reading to stabilize, press enter. 
5. Unit is now calibrated. 

 
Dissolved Oxygen Calibration  
 
 

1. Return to calibration menu. 
2. Select DO Calibration and press enter. 
3. Select DO % and press enter. 
4. Accept the barometric reading. 
5. Fill cup with tap water, 3mm or 1/8” DO NOT SUBMERGE TEMP SENSOR. 
6. Screw one or two threads of the transport cup to make sure sensors are vented to 

atmosphere. 
7. Allow at least ten minutes for the air in the cup to become water saturated and for 

the temperature to equilibrate before proceeding.  
8. When the reading under DO% stabilizes for at least 30 seconds press enter.   
9. Press enter again and then escape to return to the calibrate menu. 
10. Dry sensor  

 
 
 
If the DO calibration gives OUT OF RANGE more than once the membrane should 
be changed.  
 
-Do not touch membrane itself.  
-Unscrew old membrane. 
-Use sand disc to clean the DO electrode. 
-Over fill new membrane with KCL solution. 
-Screw on new cap, making sure there are no air bubbles.  
-Recalibrate 
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YSI 556 Dissolved Oxygen Meter/ multimeter 
Calibrations 
 
pH Calibrations 
 

1. Return to Calibration menu. 
2. Select pH press enter. 
3. Select Calibration points you would like and press enter 
4. Start with pH 7 
5. Wait for reading to stabilize, press enter  
6. Meter displays “calibrated” press enter to move to next pH 
7. Repeat for 2 or 3 point calibrations 
 
 
 
 
Once calibrations are completed, ESC to the RUN screen, and check calibrations 
verses accepted values 
 
Record all calibrations in the calibration log sheet 

 
Calibration Check Error Limits 
 
Dissolved oxygen +/- 0.5 mg/l or +/- 6% saturation 
pH +-/ 0.15 standard units 
Specific conductance +/- 5%  
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Appendix H:Barnstable County Department of Health and the Environment Laboratory SM 9222 D STANDARD OPERATING PROCEDURE for Determination of Fecal Coliform in Aqueous Samples.
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